Study design Psychometric study. Objective To assess the reliability and validity of the Italian-translated and adapted version of the Van Lieshout test (VLT) in a population of people with cervical spinal cord injury (C-SCI). Setting Multicenter study in multiple hospitals in Italy. Methods The original scale was translated from English to Italian according to international guidelines. The internal consistency, test-retest reliability, and responsiveness of the Italian version of the VLT (IT-VLT) were examined. The IT-VLT was administered to 50 individuals with C-SCI, and its construct and convergent validity were evaluated using Pearson correlation coefficients with the Italian version of the Spinal Cord Injury Measure version III (SCIM III). Results All psychometric properties of the IT-VLT showed significant values, including the Cronbach's α, which was 0.95 (left hand) and 0.94 (right hand). Furthermore, the test-retest reliability showed an intraclass correlation coefficient of 0.89, 0.81, and 0.87 for the right hand, left hand, and total value, respectively. The Pearson correlation coefficient of the IT-VLT and the Italian version of the SCIM III showed all significant results r = 0.559 (p < 0.01). The IT-VLT score improved significantly during in-patient rehabilitation In fact the mean (95% CI) change between T0 and T1 was − 13.2 ± 28.6 (− 21.38; − 5.10). Conclusions The IT-VLT was a reliable and a valid outcome measure for assessing hand function in the Italian population with C-SCI. The present study lays the grounds to investigate the psychometric properties of the short version of the IT-VLT.
Introduction
Tetraplegia results in varying degrees of functional losses in the neck, trunk, and upper and lower limbs depending on the severity and level of injury [1] . One of the most devastating aspects of a spinal cord injury (SCI) at the cervical level is the impairment of arm and hand function which greatly impacts level of independence and quality of life [2, 3] . Restoration of arm and hand function is a specific priority for individuals with tetraplegia [4] , and it is an important goal in the rehabilitation of cervical SCI (C-SCI).
In the literature, there are a number of assessment tools for the upper extremities, the most widely used are the Action Research Arm Test [5] , the Jebsen-Taylor Hand Function Test [6] , and the Disability of the Arm, Shoulder, and Hand [7] . The specific assessment tools for hand function in C-SCI individuals are the Tetraplegia Hand Activity Questionnaire (THAQ) [8] , the Sollerman hand function test [9] , the Graded Redefined Assessment of Strength, Sensibility and Prehension (GRASSP) [10] , and the Van Lieshout test (VLT) [11] . An advantage of the VLT compared with the other tests is that it provides detailed information about how the tasks of the test are to be carried out, which might make it more useful in establishing treatment goals.
The VLT was developed in 2004 by Van Lieshout and colleagues as a specific tool to assess hand function in C-SCI. The measurement concept of the VLT [11] refers to the International Classification of Functioning, Disability, and Health [12] and Nagi's Disability Model [13] . The VLT is composed of 19 tasks and it makes a distinction between basic and complex activities. The possible ways of performing each task are described in six hierarchical levels, resulting in a score from 0 to 5. This tool is responsive to changes in arm/hand skilled performance during rehabilitation in people with C-SCI. The VLT was developed in the Dutch language. However, English and German versions are available from the author. In recent years, the VLT has been frequently considered as one of the most valuable tools for assessing hand function in C-SCI [14] [15] [16] [17] . In 2006, Post et al. developed a short version of the VLT (VLT-SV) [18] to have a more useful instrument for research purposes. The VLT-SV includes 10 of the 19 tasks of the original VLT, and the level of performance of each task is scored within a range from 0 (worst arm/hand function) to 5 (best arm/hand function). The administration time is 25-35 minutes. The VLT-SV has excellent internal consistency (Cronbach's alpha: 0.91) and inter-rater reliability (intraclass correlation coefficient (ICC) : 0.98 and 0.99), and very good convergent validity (Spearman correlation: 0.87-0.90).
In Italy, two assessment tools are typically used to assess hand function: the Jebsen-Taylor Hand Function test [19, 20] and the Disability of the Arm, Shoulder, and Hand [21] However, these are not specific for C-SCI and do not provide the necessary information to deal with the complexity of SCI. Thus, since 2014, the Italian National Coordination of Professional Operators in Spinal Units in the functional hand rehabilitation's protocol has indicated the VLT as one of the reference tool [22] . The VLT has also been indicated as a reference outcome measure in the Italian medicine, physics, and rehabilitation's guidelines [23] . The VLT was chosen for this study because, compared with the other tests, it provides detailed information about how the tasks of the test should be carried out, which might make it more useful in establishing treatment goals [24] .
There are no psychometric studies of the VLT. This is surprising considering that the VLT is a starting point for hand function therapy and a tool to assist in clinical decision making about appropriate treatments. The aim of the present study was to not only translate and culturally adapt the VLT into Italian but also to investigate its psychometric properties in a population with C-SCI.
Methods
After receiving permission from the developers of the original instrument, the VLT was translated from English to Italian using the Translation and Cultural Adaptation of Patient-Reported Outcomes Measures-Principles of Good Practice guideline [25] .
Translation and cultural adaptation
The original version of the VLT was translated into Italian by a panel of two native English speakers who produced two independent translations. An independent native speaker of the target language synthesized the results of the translations. Working from the temporary version of the VLT, two Italian translators then translated the questionnaire back into the original language without having seen the original version. The back-translated version of the instrument was then compared with the original. In order to adapt the translated version to Italian culture, two Italian rehabilitation professionals (an occupational therapist and a physiotherapist), who were familiar with both English and Italian, reviewed the first translated version and then reworded and reformulated some items to minimize any differences from the original version.
To evaluate its cross-cultural validity, the pre-final version of the Italian VLT (IT-VLT) was preliminarily applied to 10 participants that matched the target population. To ensure that the translation was comprehensible to the general or target population, participants' comments were recorded highlighting any items that could be inappropriate at a conceptual level and to identify any other issues that could potentially cause confusion. This resulted in the final version of the IT-VLT form being applied to the whole population of the study.
Subjects and procedures
Three Italian rehabilitation centers that specialized in the rehabilitation of people with SCIs participated in the study. The sample inclusion criteria were: Exclusion criteria were C-SCI with severe additional neurological, orthopedic, or other diseases that interfered with the activities of daily living. In each participating rehabilitation center, one trained occupational therapist conducted the measurements according to a standardized protocol described in the research program. According to the original validation study [11] , participants were assessed at the start of their functional rehabilitation program (T0), defined as the moment participants were just able to sit in their wheelchair for at least 3 consecutive hours; and 3 months later (T1) [27, 28] .
Assessment tools
For the assessment of the participants, the Italian version of the Spinal Cord Injury Measure version III (SCIM III) [29, 30] was used. The SCIM III is a scale that rates the independence of patients with SCIs with regard to performing activities of daily living. Its comprises items on 19 daily tasks that are grouped into three subscales that assess: selfcare, respiration and sphincter management, and Mobility. The total SCIM III score ranges from 0 to 100, and higher scores reflect better performance or greater independence of a person.
Data analysis
The reliability and validity of the culturally adapted scale were assessed following the "Consensus-Based Standards for the Selection of Health Status Measurement Instruments" (COSMIN) checklist [31] . The ICC was used to assess the test-retest reliability. One therapist evaluated the same participant twice in a range of 7-10 days. An ICC value of ≥ 0.70 was considered optimal to establish the degree to which repeated measurements were free from measurement error [32] . The internal consistency was used to assess the homogeneity of the scale and the interrelatedness of the items; a Cronbach's α coefficient of at least 0.70 was considered acceptable [33] . Pearson's correlation coefficient was used to evaluate construct and convergent validity. In the original study, the GraspRelease Test (GRT) [10] and the Jebsen-Tylor Hand Function Test [6] were used as the gold standard. Considering that the GRT has not been validated for the Italian population, and that the Jebsen-Taylor Hand Function Test was been validated after the start of the study [19, 20] for the present study, the Italian version of the SCIM III [30] was used to determine validity. To measure the responsiveness of the IT-VLT between T0 and T1, a pairedsamples t test was used. A p value of < 0.05 was considered significant.
Results

Translation and cultural adaptation
After the translation process and the consensus of the expert panel, the translated version of the IT-VLT was formed. Cross-cultural validity was evaluated on 10 participants that matched the target population, these participants reported their observations in terms of comprehensibility and cognitive equivalence of the translation. Based on the results obtained from the preliminary application and the analysis of the report, it was possible to draw up the final version of the IT-VLT. No items were modified to improve comprehensibility and applicability, and all items were either identical or similar in meaning to the original version's items (see Appendix 1).
Participants
Individuals with C-SCI were recruited from December 2015 to December 2016 from the Spinal Cord Unites Centro Paraplegici Ostia and Centro Traumatologico Ortopedico Andrea Alesini in Rome, and Santa Maria della Misericordia Hospital in Perugia. The sample included 50 C-SCI individuals (22% females and 78% males) with a mean age of 48 ( ± 18) years. The characteristics of the sample are summarized in Table 1 .
Data analysis
The mean score for the total VLT scale was 75±49 and there were no ceiling or floor effects. The Cronbach's α for the IT-VLT was 0.95 and 0.94 (p < 0.01) for the left and right hand, respectively. Internal consistency was calculated for the entire scale; the item-total correlation showed positive results as reported in Table 2 . The test-retest reliability was evaluated on 35 participants with chronic C-SCI. The IT-VLT showed an ICC of 0.89, 0.81, and 0.87 for the right hand, left hand, and total value, respectively. ICC values are reported in Table 3 . The Pearson's correlation coefficient of the IT-VLT and the SCIM III were significant (p < 0.01 for all). IT-VLT correlates also with the neurological level of injury but not with the AIS [26] . All the results are summarized in Table 4 ). The responsiveness was evaluated on the overall sample. The null hypothesis that no clinical change would occur between T0 and T1 was rejected, as shown in Table 5 . In fact the mean (95% CI) change between T0 and T1 was − 13.2 (− 21.38; − 5.10).
Discussion
The objective of this study was to translate and culturally adapt the VLT for the Italian culture and investigate its psychometric properties in a sample of people with C-SCI. The translation process and cross-cultural adaptation, following international guidelines [25] , allowed us to compile the IT-VLT manual. The Italian version of the manual will be available in accordance with the copyright owner's royalties (www.adelante-zorggroep.nl). The participants involved showed homogeneous characteristics, and the findings of the present study demonstrated good psychometric properties of the assessment tool. Considering that the VLT was formed for clinical purposes, the responsiveness was a fundamental criterion to analyze, the IT-VLT showed a high rate of measured change over time in the hand functions of C-SCI individuals (− 13.2 CI = −21.38; −5.10). In literature there are no data on the psychometric properties of the VLT so the research team wanted to investigate its validity and reliability. The IT-VLT showed excellent internal consistency (left hand = 0.95, right hand = 0.94). In addition, all ICC were > 0.70, thus demonstrating good reliability of the scale. The Pearson's correlation coefficient of the IT-VLT and the Italian version of the SCIM III [30] were significant (p < 0.01), indicating that higher hand function in individuals with C-SCI reflects better performance or greater independence in everyday life. These findings are consistent with the VLT-SV [18] study, which showed that the IT-VLT is correlated with the neurological level of injury. Based on our findings, it is possible to state that the IT-VLT is a valid and reliable measure for assessing hand function in C-SCI individuals, the result suggest that it could be used as a starting point for hand function therapy, as a predictor to future independence in activity of daily living and then to assist in clinical decision making as to the treatment policy. Finally, it could be used as an outcome measure in randomized controlled trials. Nevertheless, this study has some limitations. First, the relatively small sample size did not allow an understanding of the differences between people with different levels of C-SCI. Furthermore, a larger group of participants would probably have given a better impression of the relationship between arm/hand impairment and the VLT score. Another limitation is that is it not possible to compare our data with other studies, because in the literature, there are no psychometric studies of the VLT. Moreover, these studies report only the value of the hand that obtained the best performance, so all attempts to compare data are fraught with difficulties. Future studies are needed to extend the sample size allowing a better understanding of the relationship between the VLT score and different levels of C-SCI. Furthermore, further work is needed to examine interrater reliability and concurrent validity with the JebsenTaylor Hand Function Test now available in its Italian valid and reliable version [19, 20] . This work also lays the basis for developing and investigating the psychometric properties of the short version of the IT-VLT.
In conclusion, the present study gives Italian health professionals and researchers a sensitive and valid tool to investigate and describe hand function of people with tetraplegia in a reproducible way. Given the great usefulness of this test in measuring hand function in C-SCI individuals, we hope that our study is a starting point and that it encourages rehabilitators worldwide to validate the test in their own cultural context. 
